ABSTRACT Very virulent infectious bursal disease virus (vvIBDV) can cause systemic inflammatory syndromes and acute death in specific-pathogen-free chickens within 72 h. However, the subtle mechanism of these severe inflammatory responses has been unsatisfactorily resolved until now. This study determined the kinetics of mast cells, tryptase, eosinophilic major basic protein, and eotaxin expression in specific-pathogen-free chickens after vvIBDV infection. Results showed that mast cell population, tryptase activity, major basic protein, and eotaxin expression were increased markedly in the vvIBDV-infected animals compared with the controls, with a significant difference in the bursa. Acute inflammatory lesions and high mortality were observed in vvIBDV-infected chickens. These observations implicate activated mast cells and eosinophils as important participants in vvIBDV-induced acute inflammatory lesions through mediators released in a short timeframe.
INTRODUCTION
Infectious bursal disease is a highly contagious disease of young chickens caused by infectious bursal disease virus (IBDV) and characterized by severe immunosuppression (Cosgrove, 1962) . It is an economically significant disease to poultry industries worldwide because of the increased susceptibility to secondary infections (Lashera and Shane, 1994) . This disease was originally described in 1962 and has spread all over the world since its initial identification. Very virulent IBDV (vvIBDV) strains emerged in Europe in the late 1980s, causing acute inflammation and high mortality in chickens (Chettle et al., 1989; van den Berg, et al., 1991) . Outbreaks of vvIBDV seriously threaten poultry industries, especially in areas with a high density of poultry (van den Berg, 2000) . However, the detailed mechanism of acute mortality caused by vvIBDV infection remains a puzzle.
Established results obtained from clinical and experimental studies have allowed us to understand the mechanism of acute inflammation and bursa injury after vvIBDV infection. Some results demonstrated the central role of the bursa, linking it to the destruction of the immune system by apoptosis or necrosis (Käufer and Weiss, 1980; Vasconcelos and Lam, 1994; Jungmann et al., 2001; Müller et al., 2003) . Other researchers have emphasized the importance of T-lymphocytes and macrophages in the induction of tissue lesions (Kim et al., 2000; Khatri et al., 2005) . Recently, our preliminary results disclosed the key role of mast cells and their mediators in affecting bursal injury after vvIBDV infection (Wang et al., 2008 (Wang et al., , 2009a . Collectively, acute systemic inflammation and high mortality occurred within 100 h after vvIBDV infection.
In this study, we evaluated the contents and distribution of mast cells, tryptase, eosinophils, and eotaxin in the major organs after induction of clinical symptoms by infection with vvIBDV. We have demonstrated hypersensitive-like damage in specific-pathogen-free (SPF) chicken organs following vvIBDV infection.
MATERIALS AND METHODS

Bird Experiment and Sampling
Forty 30-d-old healthy SPF chickens (White Avian; Merial Co. Ltd., Beijing, China) were used in this experiment. These chickens were divided into 2 groups: 25 chickens in the vvIBDV-infected group and 15 chickens as the controls. The subsequent infection experiment was established as described previously (Wang et al., Acute hypersensitive-like injury in specific-pathogen-free chickens after infection with very virulent infectious bursal disease virus D. Wang ,* X. Jia , † R. She , ‡ 1 and Y. Liu ‡
Immunological Assays
The tissue samples were dehydrated and embedded in paraffin, and the 5-μm serial paraffin sections were prepared using the standard laboratory protocol. Some sections were stained for mast cells with our established improved toluidine blue method. The other sections were stained for tryptase, MBP, and eotaxin positive signals using an immunohistochemical method based on our previous reports. Five fields of view were randomly selected to count the contents of mast cells, tryptase, major basic protein (MBP), and eotaxin positives. Sampling of the sections was unbiased. The number of observation targets was measured using the Motic Med 6.0 CMIAS (MicroOptic Industrial Group Co. Ltd., Beijing, China). The results were expressed as the number of cells per square millimeter (Wang et al., 2008 (Wang et al., , 2009a .
Statistical Analysis
Experimental data were analyzed by Student's t-test and the results were expressed as means and SE. Differences were considered significant when the P-value was <0.05 or <0.01.
RESULTS
Gross and Histopathologic Observations in Chickens
The behavior of the control chickens was consistently normal throughout the experiment, but chickens infected with vvIBDV exhibited ruffled plumes, diarrhea, decreased appetite, and dehydration and approximately 85% of the chickens were dead from d 1 to 3 postinfec- tion. Severe hemorrhage and exudation were observed in the heart, lung, bursa, spleen, liver, thymus, kidney, and glandular stomach, confirming our previous reports (Wang et al., 2008 (Wang et al., , 2009a .
Contents and Distribution of Mast Cells and Tryptase
Mast cells were not detected in the tissues taken from the control group. However, mast cells presented with a typical deep reddish-purple color in the vvIBDV-infected group (Figure 1) , with a significant difference in the numbers of mast cells compared with the controls (P < 0.01; Table 1), especially in the organs of bursa, thymus, and spleen. Tryptase, an indicator for activated mast cells, was released by degranulating mast cells (Schwartz et al., 1981; He et al., 1998) . Tryptase was scarcely observed in the bursa from control animals, but extensively distributed in infected birds, especially in the bursal follicle (Figure 2 ). Similar to the contents of mast cells in tissues, the amount of tryptase significantly increased from d 1 to 3 postinfection in the infected groups compared with the controls (P < 0.01; Table 2 ).
Expression of Eosinophilic Major Basic Protein and Eotaxin in Organs
Eosinophils are multifunctional leukocytes implicated in numerous pathophysiological processes and are a characteristic feature of allergic diseases (Rothenberg and Hogan, 2006) . The trafficking of eosinophils into inflammatory sites involves several cytokines, especially under the regulation of eotaxin (Rothenberg and Hogan, 2006) . Previous reports documented that activated mast cells can boost the production of eotaxin, thereby inducing the local accumulation of eosinophils at inflammatory sites, and degranulated eosinophils can secrete mediators to regulate mast cell function in a paracrine manner (Hogaboam et al., 1998; Shakoory et al., 2004) . Eosinophils can secrete an array of granules, in which the essential component is MBP (Gleich and Adolphson, 1986; Weller, 1994) . In this study, we determined the production of eotaxin and MBP in bursa, spleen, thymus, and other organs. Eotaxin and MBP were extensively distributed in the bursa, spleen, and other organs of vvIBDV-infected chickens (Figures 3  and 4) , with statistical data from these organs demonstrating increased expression in vvIBDV-infected birds compared with the controls (P < 0.05 or P < 0.01; Tables 3 and 4) .
DISCUSSION
This study evaluated the presence of mast cells, tryptase, eotaxin, MBP, and acute inflammatory injury in vvIBDV-infected chickens. A significant increase in the number or presence of mast cells, tryptase, eotaxin, MBP, and acute inflammatory lesions was found in vvIBDV-infected birds. Combined with the higher mortality and important clinical side effects of diarrhea and severe histopathologic lesions, we postulated rapid extensive injury to the systemic organs in SPF chickens following vvIBDV infection.
Classically, eosinophils and mast cells have been recognized as the key players implicated in allergic diseases, secreting numerous mediators (Metcalfe et al., 1997; Rothenberg and Hogan, 2006) . A substantial body of literature has demonstrated that eosinophils have the capacity to regulate mast cell function through the mediators they release, and simultaneously mast cells possess the ability to recruit other eosinophils by the mediators they release (Harris et al., 1997) . Eotaxin is a specific chemoattractant for eosinophils and can be amplified by activated mast cells (Harris et al., 1997; He and Walls, 1997) . Mast cells release a host of mediators to potentiate eosinophil activation and function. Eosinophils themselves can activate a mast cell and aggravate immune responses via the release of numerous cytokines (Kung et al., 1995; Hogaboam et al., 1998; Shakoory et al., 2004) . This 2-way interaction between mast cells and eosinophils can pave the way for inflammatory responses in a variety of diseases. In this study, we found consistently high expression of activated mast cells, eotaxin, and MBP in some major organs, especially in the bursa of vvIBDV-infected chickens, indicating that eosinophils and mast cells were activated during vvIBDV infection and released tryptase, eotaxin, and MBP to communicate in a bidirectional fashion.
The bursa is the most important target in chickens infected with IBDV. However, the subtle mechanism of bursa injury has not been fully elucidated until now. Some clinical and experimental investigations have shown that IBDV destroys bursal B lymphocytes via necrosis or apoptosis (Panigrahy et al., 1982; Vasconcelos and Lam, 1994; Müller et al., 2003) . Some recent results suggest that IBDV targets macrophage and mast cell activation to induce tissue lesions by the released inflammatory mediators (Khatri et al., 2005; Wang et al., 2008) . Therefore, increased MBP and eotaxin expression in vvIBDV-infected chickens indicated the activation of eosinophils and mast cells, which expands our understanding of infectious bursal disease pathogenesis.
